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Abstract 
 

A wavelet is a relatively new mathematical tool that can be used to analyze data arising in PTTI 
applications.  This paper presents a basic introduction to wavelets and wavelet analysis.  We also look 
briefly at some specific uses for wavelets with PTTI data, including (1) tracking data whose statistical 
properties are evolving over time, (2) decomposing the sample variance for a set of data into components 
that are attributable to variations over different scales, and (3) decorrelating highly correlated data. 
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QUESTIONS  AND  ANSWERS 
 
MARC WEISS (National Institute of Standards and Technology):  How does the wavelet 
analysis compare in terms of the long term?  There is a problem with getting a long-term Allan 
variance in terms of confidence and bias.  Does the wavelet variance, if you have a variance via 
wavelet analysis, improve the problem? 
 
DON PERCIVAL:  Yes, it does.  In the work I did with Dave Howe and Chuck Greenhall on 
TOTVAR, what you are doing is getting a bias estimate of the wavelet of the Allan variance using 
this scheme right here.  But it has associated with it a smaller variance.  In other words, the total 
mean squared area can show that it decreased.  So it gives the superior estimate out the very, very 
longest time scales.  That is probably the big advantage. 
 
WEISS:  So it is essentially TOTVAR 
 
PERCIVAL:  Yes, with a Haar thing, it ends being TOTVAR.  So you can regard TOTVAR as a 
wavelet-based estimator of the Allan variance.  So it is just a new estimator of the Allan variance. 
 
FRANÇOIS VERNOTTE (Observatoire de Besançon):  In the literature, there are many different 
wavelet chips.  How is it possible to choose the right one for a given problem? 
 
PERCIVAL:  It is not that difficult.  The Daubechie family of wavelets is a series of filters of 
different lengths.  So the Haar is length two.  There is a length four, length six, and length eight.    
What I found to be a very effective thing is just to do an analysis in which you look at what you get 
for the different wavelet lengths.  What you will often find is that sometimes the Haar is not 
adequate, because it has certain leakage properties.  That is why the Allan variance has problems at 
times.  When you go to these higher order things, things will stabilize and you will find that using the 
length four wavelet and the length six wavelet gives you about the same thing.  So that means you 
can back off and just use the length four one.  So there are some very simple little techniques you can 
use in order to pick an appropriate wavelet from amongst the Daubechie family of wavelets. 
 
DENNIS McCARTHY (U.S. Naval Observatory):  Just a quick question.  One of the concerns for 
people in this community is you have fixed finite-length data, and you would like to determine what 
is the stochastic data and what is sort of the underlying trend.  Have you thought about a way the 
wavelets might be used to separate the deterministic part from the noise part? 
 
PERCIVAL:  Yes.  If the trend can be modeled as a low-order polynomial, what happens is that 
polynomial will not show up at all in the wavelet coefficients.  You can in a certain sense handle 
polynomial trends very easily.  The Haar wavelet has a first difference in it.  The next wavelet up has 
a second difference and the next wavelet up has a third difference.  So a third difference would kill 
off a quadratic term, which would get rid of them totally.  By going to the higher-order wavelet, you 
can actually automatically handle at least polynomial trends and get out coefficients which are 
impervious to that trend background. 
 
McCARTHY:  A quick comment.  The wavelet business here has been why it has received 
widespread use in the geodetic and geophysical community.  Something you did not mention was 
looking at the spectral content of time series as a function of time.  That has proved to be extremely 
useful to establish the spectra of various physical processes as a function of time, which can be done 
with this. 
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PERCIVAL:  Right, exactly.  So that little example I gave where the clock seemed to be increasing 
in variability toward the end is exactly what you are talking about.  Because the scale eight things 
would relate to a certain band of frequencies; you can use that to track the frequency variations 
across time.  So, yes, that is a very good point. 
 
 


